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Morphological and Cytochemical Characteristics of Non-
phagocytic Granulocytes from Triakidae Sharks (Banded
Houndshark Triakis scyllium, Starspotted Smooth-hound
Mustelus manazo and Spotless Smooth-hound M. griseus)

Masakazu Kondo', Kohei Tateishi, Hiroki Hirayama,

Shinya Yasumoto and Yukinori Takahashi

Abstract : Only one type of non-phagocytic granulocyte (type B granulocyte, GB) was observed in peripheral
blood of three Triakidae sharks (banded houndshark Triakis scyllium, starspotted smooth-hound Mustelus manazo
and spotless smooth-hound M. griseus; Carcharhiniformes, Galeomorphii, Elasmobranchii). The GB had two
types of granules (GBG; type a, GBG-a; type b, GBG-b). The GBG-a was coarse without stratified structure,
round or oval (subangular to angular) in shape and chromophobic. The GBG-b was smaller than GBG-a, round
or oval with stratified structure (inner LO and outer L1) and chromophobic. Beta-glucuronidase activity was
detected in LO of GBG-b from T. scyllium (negative in Mustelus sharks), and acid phosphatase was localized in LO
of GBG-b from Mustelus sharks (negative in T scyllium). Localization of o-naphtyl acetate esterase and «-naphtyl
butyrate esterase were different among Triakidae sharks. The GB lacked alkaline phosphatase and
peroxidase. In this report, morphological and cytochemical differences of non-phagocytic granulocytes among

elasmobranchs were discussed.
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A1 (fRE: 1.3 kg) ZKERFROMBERRICHAL, VT TR, RIS A SERIL L 720 MERHEEA D
LB B CHIEEE L7220 bICERRICHE L, $RIME VB, % 40T Romanowsky #efa 38 Mli: (MRSV) B X
DKL FFH A TI2205C £ 7213220T, A ¥ H 2 Tik ORI AL St BT & Rk J7 i CTAT o 720

180C £ 7213220TC, Y BHF A TRIISTTHo7e ¥

Fig. 1. Type B granulocytes of banded houndshark Triakis scyllium. A, May-Griinwald-Giemsa [PN=53 (See
Kondo et al”]; B, B-glucuronidase; C, a-naphtyl acetate esterase (a-NAE); D, a-naphtyl butyrate esterase;
E, naphthol AS-D chloroacetate esterase; F, periodic acid Schiff reaction. Counter stain in B-F,
hematoxylin (Mayer). Except for a-NAE (C), enzyme activities are localized in L0 of GBG-b. The
a-NAE activity is detected in GBG-a and GBG-b [Two types of positive GBG-b are shown: GBG-b with
positive LO (negative L1) and GBG-b with positive L1 (negative L0)]. Bars=1 um.

Table 1. Summary of reactions of non-phagocytic granulocyte (type B granulocyte) from Triakidae sharks to cytochemical tests

Species and positive site (shape, number and positive site)*

1
hest Triakis scyllium Mustelus manazo Mustelus griseus
PAS G (r/o, a few); H (weak) H H
PAS-aA - o= —
AB (pH1.0) = = =
AB (pH2.5) — = —
TB N N N
SBB — — —
Sudan IIT = = =
Oil red O — — —:
AlP = = =
AcP — G (r/o with NS, some, eq L0 of GBG-b) G (r/o with NS, some, eq L0 of GBG-b)
B-Glu G (r/o with NS, many, eq LO of GBG-b) = =
G (three types: coarse angular, many, eq GBG-a; /o with NC, G (two types: coarse angular, a few, eq GBG-a; :
i many, eqtlﬁ of GBG-B; /o with NS, some, eq L0 of GBG-b) /0 with NS, some, eq L0 of GBG-b) Gl wiibmagegLOREaRa-L)
0-NBE G (t/o with NS, many, eq L0 of GBG-b) G (t/o with NS, some, eq L0 of GBG-b) G (two types: rlo with NC, a few, eq L1 of
’ ’ ’ ’ GBG-b; /o with NS, some, eq L0 of GBG-b)
CAE G (r/o with NS, many, eq L0 of GBG-Bb) G (r/o with NS, many, eq L0 of GBG-b) G (r/o with NS, some, eq L0 of GBG-b)
Peroxidase = = =
'PAS, periodic acid Schiff reaction; PAS-aA, PAS after digestion with a-amylase; AB, alcian blue; TB, toluidine blue in distilled water; SBB, Sudan black B; AIP, alkaline phospt AcP, acid phosph
B-Glu, B-glucuronidase; a-NAE, a-naphtyl acetate esterase; a-NBE, a-naphtyl butyrate CAE, naphthol AS-D chl
‘G, lar; H, hyalopl N, nucleus; —, not d d; r, round; o, oval; GBG-a, type a granule of type B granulocyte; GBG-b, type b granule with two-layer structure (L0 and L1) of type B granulocyte;

NC, negative core; NS, negative surrounding; eq, equivalent to.
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I S

R X B A oI P O IF A A PR ER (BRIER
) I, TANYT YT N—, FA VL FO, XF VI
BIUXY VEB (SBB) Hta TIIBET ROBIg sy,
TVHIWT + A7 75 —F¥ (AIP) LRVFFVF—F
(PO) Wi sheh ot /2, BT+ AT 75 —¥
(AcP), B-rnvzu=%—¥ (B-Glu), FHETATI—¥
[a-F7FNVTEF—bLATT5—¥ (a-NAE), a-T7
FNTFL—FITAFF5—*¥ (a-NBE), 7 b—
ASDzou7+t5— I A7 5 —+¥ (CAE) ], PO,
SBB3 & U'periodic acid Schiff (PAS) It#H Ot (<
AX—DAT ¥ V) VH) (TIBUIHEEERIERRD
baholz,

BRIER EK (granulocyte type B, GB) 13 &E%£#200 ym
OMFE 72K TH > 720 BIFEESTEL (FFHF R
ERVERATIIASET T, YuFATETHETT), M
FANICRIEL THB Y, ReEMITRC, MR zRMEG 0
BB SN/ (Figs. 1A, 2A, 3A) . BRIk OER (GB
granule, GBG) \&MJE, WHEE-IZEAEETHY), KE

:

DR TIIADD LR OLGENS o720 WTNLOM
LD MRSVIC BT B Fl 4 O Yefts G TN e Gtk 2 R &
TR TH 5 722, KM AR mofR, Az
MbHFGBGIX KM Dk, (GBG-a) &/MEIDOMH (GBG-b)
AR SN, GBG-HIZIZ2NEA 5 7% 2 EEED RO b
72 (EROHRLERELOE ZOFBADLL)

K4 2 TI3B-Glu 25GBG-bOLOIH I B 724 (Fig.
1B), AcPiZBtECTH o7 (Table o FHIAT T —E
M9 bH, a-NAEIZGBG-ak GBG-biZ#® 5, GBG-bid
AEEFR ORI OE D L2 SNz, Thbb,
LOZSEME (L1kRet) OGBG-b&, LIAEstE (LOXKaME)
OGBG-bIZXBI & N7z (Fig. 1C)e LA L, DT AT T —
Yifitt (a-NBE, CAE) 1% GBG-hDLOIZBFE L7z (Figs.
ID, 1E)o & ¥ ¥ X & ¥ 1 ¥ x BRI MR BRI IZAcPAS
GBG-bDLOIZ 788 & L 72%% (Figs. 2B, 3B), B-Gluid it
ENiholz, a-NAEE a NBEDFHEMIF RV HF X E Y
OFXADOETREEZY, KT FATE a-NAERSED
GBG-a& GBG-bOLOIZ iR L7201kt LT (Fig. 20),
T EH A TIEGBGhOLOKC D AM 87z (Fig 3C). F
72, a-NBEiZHR VAL mH A& HIZGBGHICHELL

Fig. 2. Type B granulocytes of starspotted smooth-hound Mustelus manazo. A, May-Griinwald-Giemsa [PN=53

(See Kondo et al.”]; B, acid phosphatase; C, a -naphtyl acetate esterase (a-NAE): D, @ -naphtyl butyrate
esterase; E, naphthol AS-D chloroacetate esterase; F, periodic acid Schiff reaction. Counter stain in
B-F, hematoxylin (Mayer). Except for a-NAE (C), enzyme activities are localized in L0 of GBG-b. The
a-NAE activity is detected in some GBG-a and L0 of GBG-b. Bars=1 um.
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Fig. 3. Type B granulocytes of spotless smooth-hound Mustelus griseus. A, May-Griinwald-Giemsa [PN=53
(See Kondo et al"}; B, acid phosphatase; C, a -naphtyl acetate esterase; D, a -naphtyl butyrate
esterase (a-NBE); E, naphthol AS-D chloroacetate esterase; F, periodic acid Schiff reaction. Counter
stain in B-F, hematoxylin (Mayer). Except for a-NBE (D), enzyme activities are localized in L0 of GBG-b.
Two types of a-NBE-positive GNG-b are shown: GNG-b with positive L0 (negative L1) and GBG-b with
positive L1 (negative L0; arrowhead). Bars=1 um.

72%%, AT A TIEGBGhOLOA M Kt % 7= L (Fig.
2D), ¥ aHFATIELOAEME (LLIZBEN) DGBG-bELLIAT
Btk (LOWkBaY:) oGBG-bA % S n7: (FigdD). CAE
AR T AL yaH 2L b ICGBG-bOLOIC R & 7z
(Figs. 2E, 3E)o PASKIGIZ X o T, FF 9 * OBE Fik:
ISP BOBHRTF B S, MR L5 T
botz (Fig. 1F)o —%, RIHF ALy a4 X TIZPASH
PERLFIER20 ST, MBS BHRIS &R Lz, &
NS FFHF AR 2FHOPASHEESHMIE WIS a-7 3
7 —EHALIC & o THAITHEL L7 (Table 1),

zZ %

R AR A G VR 0 JE A PRk 2R (B2 5
BER) RO bNTz. KR V) — ABROA R S U
JRAEPEIC AR TEVWARONE DD, wIhofMfd
(BT b BRUER ZRIZ FTE £ 72 1390 R o KB T &
DNZLDOBETHEMZAEL Tz, 72, Bk (GBG)

Bednbigatkcd by, MRILFENEAaEDE:) S
KB DGBG-a& /N DGBG-bIZ 43 S 1, GBG-biZ 132/8
REEDRD bFze L72dioT, FFHF AR A HB3MED
BEVERI BRI [F— R oM TH 5 & W L7z,
THIA, HAFXB IO FFF AR AHOIEA RN
UKL BR 0 JERL O3 & Jeft ik & Table 212, MMRALS M4
% Table 378 L7zo 74 T A IZIXSHIHOY, # ZHF AT
2R D IEF AVEFR DA T B4, FFHF ARH 2
FoOBMBERKIZIFNSOWTFNIZHELEICIEZ—F L%
o7z (Tables 2, 3)o BlZIE, FFH AEH A IHOBR
BERIER O X 9 (2 BLRa s % 572 70 R M SR (GBG-a)
&, BB R A A MR R (GBGh) 205 7% 5
AEDLEELAT HIFAEWERIRET A BLOH AF
AFAD SR\ (Table 2) F7z, FFHF AR XM
OBMIHRERIZIX P v A ¥ ¥ T v— (TB) Bt Ek 2 SBB
Btk BRI BB S M v, T T A OO &
WEHRIER & A A 2 OBRER IR (Type BY) ST b
B & o THYEBRABE SN 5 (Table 3). X512,
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A AP X OCEBERIER (Type C¥) ICid FFH AR A% FHERTHEYE, AYHFRE TP RTIRER) 13H AP R
DOBRIFARIZR & F AR TBRE M FEA S SBBIE M AL b FR7E OCRERFRIC IR STV AW (Table 3)o

Lwds, FFYF AR A EOBEEENFRICHEE D ACP (F HEES FFHFRE RV FAOMBICBRE L /- 2EEOHE
VHFRAL YUY RATHE, FFFRTIREMN) LGl (F HIRD S B, 24 Y VBIFHERMROY 75 4 7 Th D

Table 2. Structure and Romanowsky-type staining properties of non-phagocytic granulocytes (NPG) from five elasmobranchs

Species Type of NPG' Type of granule’ Characteristics®
Type B BG-A Rod-shaped, B (light blue), NSS
BG-B Round (three subtypes: BG-Ba, red; BG-Bb, violet; BG-Bc, purple), NSS
Dasyatis akajei Type €% EG-A Oval or rod-shaped, SS (3 layers: L0, C; L1, E; L2, C)
EG-B Round or oval, C, NSS
Type P SEG-A Oval or angular, E, NSS
SEG-B Round or oval, C, NSS
GBG-A Round or oval, SS (3 layers: L0, C; L1, E; L2, C)
Squatinajaponicab Type BY GBG-B Round or oval, SS (3 layers: L0, C; L1, B; L2, C)
GBG-C Round or oval, SS (2 layers: L0, A; L1, A)
Type C¥ GCG Round or oval, SS (2 layers: L0, E; L1, E)
Trialidae sharks™® Type ™ GBG-a Round, oval, rod-shaped or angular, C, NSS
GBG-b Round or oval, SS (2 layers: L0, C; L1, C)

'Type B™, formerly called basophil; Type C*, formerly called eosinophil; Type D™, formerly called small eosinophilic granulocyte; Type BY, formerly called type B; Type C™, formerly called type C.

BG-A, basophil granule type A; BG-B, basophil granule type B; EG-A, eosinophil granule type A; EG-B, eosinophil granule type B; SEG-A, type A granule of small eosinophilic granulocyte; SEG-B, type B
granule of small eosinophilic granulocyte; GBG-A, type A granule of granulocyte type B; GBG-B, type B granule of granulocyte type B; GBG-C, type C granule of granulocyte type B; GCG, granule of
granulocyte type C; GBG-a, type a granule of type B granulocyte; GBG-b, type b granule of type B granulocyte, !

3NSS, non-stratified structure; SS, stratified structure; L0, inner layer; A, amphophilic; B, basophilic; C, chromophobic; E, eosinophilic.

%, Kondo et al. (2017)"?; %, Kondo et al. (2018)"; %, present report.

“Triakidae sharks: Triakis scyllium, Mustelus manazo and Mustelus griseus.

Table 3. Comparison of reactions of non-phagocytic granulocytes from five elasmobranchs to cytochemical tests

Species, type of non-phagocytic granulocytes and positive site (shape, number and positive site)2

Test! Dasyatis akajei”® : Squatina japonica® Triakidae sharks™
Type B> Type C Type D™ Type BY Type CY Type B®
PAS G:H G;H G;H : GH G;H : G(T):; H
PAS-0A - - - § - - -~
AB (pH1.0) - - - ; - - : -
AB (pH2.5) - - - : - — : -
: G (L1 of !
TB G (BG-Bc); N G (EG-B); N G;N ! GBG-A/GBG-B; N : N
: entire GBG-C) :
: G (L1 of :
SBB G (BG-B) G (EG-B) G ! GBG-A/GBG-B; L0 of - : -
GBG-C)
Sudan III - - - : - - : -
QOilred O - - - - — _
AlP - - - - — —
AcP G (BG-B) G (EG-B) G (SEG-B) i G(LOOfGBG-0) G(LOOfGCG) | Go °;if§'b’ M
B-Glu — - - H - - ! G (L0 of GBG-b, T5)
E G (L1 of ! G (GBG-a, Ts & Mm;
a-NAE G (BG-B) G (EG-B) G (SEG-B) GBG-A/GBG-B; L0 of - i L1 of GBG-b, T%; L0 of
- ; GBG-C) : GBG-b)
; G (L1 of H .
o-NBE G (BG-B) G (EG-B) G (SEG-B) ! GBG-A/GBG-B; LO of G(LOof GCG) ! G (II‘“IO‘:;%];%}’[)’)Mg’
i GBG-C; L1 of GBG-C) '
; G (L1 of :
CAE G (BG-B) G (EG-B) G (SEG-B) ! GBG-A/GBG-B; L0 of G(LOofGCG) | G (LOof GBG-b)
: GBG-C) :
Peroxidase — - — — - -
'PAS, periodic acid Schiff reaction; PAS-aA, PAS after digestion with a-amylase; AB, alcian blue; TB, toluidine blue in distilled water; SBB, Sudan black B; AlP, alkaline phospt AcP, acid phospt

B-Glu, B-glucuronidase; a-NAE, a-naphty! acetate esterase; a-NBE, a-naphty! butyrate esterase; CAE, naphthol AS-D chloroacetate esterase.

*G, granular; H, hyalopl N, nucleus; —, not d d; 1, round; o, oval; Type B™, formerly called basophil; Type C™, formerly called eosinophil; Type D™, formerly called small eosinophilic granulocyte;
Type BY, formerly called type B; Type C™, formerly called type C; BG-B, basophil granule type B; BG-Bc, BG-B type ¢; EG-B, cosinophil granule type B; SEG-B, type B granule of small eosinophilic
granulocyte; GBG-A, type A granule of granulocyte type B; GBG-B, type B granule of granulocyte type B; GBG-C, type C granule of granulocyte type B; GCG, granule of granulocyte type C; GBG-a, type a
granule of type B granulocyte; GBG-b, type b granule with two-layer structure (L0 and L1) of type B granulocyte; NC, negative core; NS, negative surrounding; eq, equivalent to.

*, Kondo et al. (2017)"%; ®, Kondo et al. (2018)™; %, present report.

“Triakidae sharks: Ts, Triakis scyllium; Mm, Mustel ; Mg, Mustelus griseus.
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(4), (@) BXU V) 3, FRICBWTEESIEBE
LA LZFFRICHYT AL ELZ OIS (FEOY TS
47 (=) PREEsS o), —F, TEOTmERE
Mk OERIE, FFFXATIIHEE  R%Ee (372
47 (1)) F20E - KARE 7y 4 7 (a) T
HY, FVFATRFTIAT (4) WM - %Kk 7
47 () ER-JERE, TT54T (N ZEE-
BRE ENTVD, REFRICBT B FFF AR 23
FBOBRBEN RO TR 2tk 2 R S THRAMET
Hy, MEEBFEANROFEROGREEELERESEES,
LAaL, ABFFEL FbRiZ e dICEEARE2BEICKRIL T
WhHZE, WREOLAF Y VEBFEAMEROIZ & A SR
BOWHIRICHLTEZ & Hh 5, WEEBITFEAMEKEBR
N TR AW EEREN G,

HH S FF9 2 CABEO TNk (Fhsk, E—8EIiT
Bk, S IR, ESREITHmER) 2ROTBYY, A
B CHE S OF _EIFERIRITER S DI PIRICHEY
THEZBLE, EERITRRETREO LT Y VBT
HIBOH 7547 (=) LT 525, HxidpimoE
Y ZOENEREFBRL TR, HHSOFRRNIEE S
DOBRIHRIRIZEML L T 5, £—TEITERER O BRI R
VHIBTH ), RERERICIE S ERD BRI TS
ARFFRIC B CBEAR SR O MR IR L e 2 R 8 &
otz hs, BEEMFIC KL o THIREREOGRMS Y ¥ v
HHEREEFEERL, HFEALO0BEZEL TS X
IIWCRZBZEND ol LA -T, MHLOE T
MR EBRERIIC S I NS L Z L b b, WS
REFERBFMHEEFA-SEEIORLTWE 2 ERS,
IR EROBICRALPDENYDH B LHEEINEH, K
Broeic B8 5 £ MM bELR BBV TBR BN — 45
T2 X5 BRENERIAD Shld ol

Hine and Wain (1987) 293 X U’Hine et al. (1987) i

FXIFALADI B, AAIFABFAMM (FX 3

FAR) EXATVUFAHFAFOGE (b F AR N
FARME, FeuFARE AToFARLIE) OB
Bk%, eosinophil, eosinophilic granulocytes & Uneutrophilic
granulocyte®® (& 5\ 3B 78 D3 % % I 2 fcoarse
eosinophilic granulocyte, fine eosinophilic granulocyted
& Uneutrophilic granulocyte & # LT 5250, DA, i
BOEFEOENIRE 2 HRAT 2) OMEHEOH 7T T —%
BOTHELTBYY, FF¥rPDLasT452 77
Galeorhinus galeus [Hine and Wain (1987) *%3 & U'Hine et

al. (1987) “"CiG. australisk KL T 575, THIIG.
galeusD ¥ /) = LG THB] % OFWTEYT AHEOFEH K
FUBET B EICAEL T, Thbb, farx
4 F 7 7 % Zideosinophil, eosinophilic granulocyted & OF
neutrophilic granulocyte@b’ﬁ;@@%Eﬁfiﬁ?ﬁ&) ENBD
LT, A XIF AR T F Y A Isurus oxyrinchus, FF
PAR D=2 — T —F ¥ Kk ¥ A Mustelus lenticulatus B
LAYV aFAH 0T Y F) I X Pionace glaucaT i
eosinophil& eosinophilic granulocyte?2%&3H o TR kAT,
b S F AR D Apristurus sp.b F L TFXBD MY FF R
Gollum attenuatusiZiZeosinophilic granulocyte & neutrophilic
granulocyteD2f84H7* [Hine and Wain (1987) ¥Cid b #
) K 2 DR BRIt eosinophilic granulocyte®& & S
TW5%, Hine et al. (1987) “Cideosinophilic granulocyte
& neutrophilic granulocyteSEE X TV 5], =2 —TY—
F ¥ BF X B A Cephaloscyllium isabellum [Hine and Wain
(1987) 33 X UHine et al. (1987) & C. isabellak FF L
TWA] I IEEO M EK (eosinophilic granulocyte) 7%
BgshTw b, MdOSEROFMHKD ) B, »wiho
HFAIIBWT B FE &R T W Beosinophilic granulocyte
REFRIRTH B L HBE SN TS Eosinophilld A %
I ¥ BN % K L, neutrophilic granulocyte? P
PUIPEIMEC, BT 2 EHWEREEEL, (BRM)
A (poorly defined) & EhTw3% ZhBH2EED
BRI ENENBE O OF—TEFERIRS X P ERICH
WA B EHEESN, HBRICBWTERELZEIIG, I
ARG OBRERNIKRICEINZ EEL NS, 1 TI7 T4
TGO THhEZ 2=V =S Y FFXAFAZEE, MY 2
FCIIIFPER L & 2 5N Aeosinophilic granulocyte A
EHOBENROAPBEINTVEI LD, RIFRICE
i} % B9 AR 2O FRIRAF R EROMIIEH D IE
BENENER,LRLIEEIRLTIVEEEDLNS,
Hine and Wain (1987) ¥ 3 X U'Hine et al. (1987)
FETR O A X 3 A B EH Y A ETEOM LRI
WTHEHANR, WFhOF 22 B W T deosinophil &
neutrophilic granulocytelZeosinophilic granulocyte & [F 4k
IZAIPEPOMEMETH AL (FFY FFFRALaTH
Y X TRAPIEFARS LT w2 vw), eosinophil &
neutrophilic granulocyte PM A% H$HL A7 L4 5
T T, FENROMBALEMERIEL TS L
(eosinophilic granulocyte & LT 2) ZWME L TV 5,
AREICBIT B FFFART AFCBWTD, FHHKEB
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BBAIRIZIZAIP L POS R S §, MO MARLE4E
BiZonTyd, BiCBUrBEOHE BT & 3K
BEBORKIGZR LI LPL, 2a—T=F Y FRIHFR
DAAEIEOYERIFR (eosinophil & eosinophilic granulocyte)

DEIZIZEVDRBH SN TEY, eosinophilic granulocyte
O X595 —¥ (a-NAE, «-NBE) iZeosinophil

iR SR Twniey,
X #
1) EHEM, YAMT, FLUSE LAER BEHZE:

2)

3)

FFFRAPG A (FFFRX, RIP R, YugR)
DI PFERDOBRRER B X UL FE . AR RRBT
#, 67, 141-151 (2019) [Kondé M, Tateishi K,
Hirayama H, Yasumoto S, Takahashi Y:
Morphological and cytochemical characteristics of
neutrophils from Triakidae sharks (banded
houndshark Triakis scyllium, starspotted smooth-
hound Mustelus manazo and spotless smooth-hound M.
griseus). J Nat Fish Univ, 67, 141-151 (2019) (in
Japanese with English abstract)]

EBREM, RNGE, FIUSE ZRER SEEA!
7 A LA OIFEREFNROLESN S X Ol
B GE L KRBT, 65, 195201 (2017) [Kondo M,
Higashikawa S, Hirayama H, Yasumoto S, Takahashi
Y: Morphological and cytochemical characteristics of
non-phagocytic granulocytes from whip stingray
Dasyatis akajei. J Nat Fish Univ, 65, 195-201 (2017) (in
Japanese with English abstract)]

EEEM, WIEE ZAER BF=H: 7HoA
DU BRI & SFERBRIER OBEEIZ DV T AR AR
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